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1 13.11.2002. 
Component plac ement machine as well as a method for transporting printed circuit boards 



The invention relates to a component placement machine with a frame and 
with a transport device for transporting printed circuit boards in an X-direction, which 
transport device comprises at least one transport beam extending in the X-direction, which 
beam can be driven in the X-direction in a reciprocating movement 

5 The invention further relates to a method for transporting printed circuit 

boards with respect to a frame by means of a transport beam in an X-direction whereby at 
least one printed circuit board is moved by means of the transport beam from an initial 
position in a positive X-direction to a predetermined position, after which the transport beam 
is lowered with respect to the printed circuit board in a negative Z-direction over a 

1 0 predetermined distance, the transport beam is moved in the negative X-direction to the Initial 
position and the transport beam is moved up again in the positive Z-directioa over the 
predetermined distance, 

15 Such a machine as well as such amethod are disclosed in US-A-5.680.699 in 

which printed circuit boards in the form of strip shaped supports are being transported and 
provided with electronic components. The strip shaped support or foil is on one lateral edge 
provided with holes through which transport pins of a transport beam are being inserted. The 
transport beam is further provided with a clamping mechanism which extends along the other 

20 lateral edge of the foil By means of the clamping mechanism the foil is tautened in an Y- 
directed extending perpendicular to the X-direction and lying in the plane of the foil. 

When the foil has been displaced in the X-direction over the desired distance, 
the clamping means are being released, the transport pins are being lowered and the transport 
beam is displaced in a negative X-direction whilst the foil is tying with its lower surface on a 

25 supporting plate forming part of the flame. 

In view of the high accuracy with which components have to be placed it is 
desirable to transport the printed circuit board by means of clamping means. Furthermore no 
specific transport holes need to be provided in flie printed cin^tboar4^lhat more freed^ 
in the design of the board is obtained. 
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2 13.1L2002 
This machine is, however, not suitable for printed circuit boards which axe 
already provided with components on its lower surface. 



5 It is therefore an object of the invention to provide a component placement 

machine in which the above mentioned disadvantage has been overcome. 

This object has been achieved by the component placement machine according 
to the invention in that the transport device is provided with clamping means connected to 
the transport beam for clamping in at least erne lateral edge extending in the X- direction o f 

10 the printed circuit boards to be transported, and in that the device is further provided with 

supporting means connected to the frame for supporting two lateral edges on both sides of the 
printed circuit boards, which clamping means can be brought into an active clamping position 
such that the clamping means are active during the movement of the transport beam in the 
positive X-direction and can be brought in a rest position during returning of the transport 

IS beam in the negative X-direction, in which rest position of the clamping means the printed 
circuit boards are being supported by the supporting means. 

Because the printed circuit board in the rest position of the clamping means, is 
being supported on the two lateral edges by the supporting means* the components connected 
to the lower surface of the printed circuit board do not form obstacles for the supporting 

20 means. 

Furthermore the supporting means on which the printed circuit boards simply 
rest, do not exert undesired forces on the printed circuit boards, due to which the boards 
might be moved. In this manner a good position accuracy is obtained 

An embodiment of the component placement machine according to the 
25 invention is characterized in that the clamping means comprise a fixed jaw portion, which 
cooperates with an upper side of the printed circuit board and a moveable jaw portion which 
is movable in a Z-direction to the fixed jaw portion to cooperate with a lower side of the 
printed circuit board and is movable away torn the fixed jaw portion to release the printed 
circuit board. 

30 Due to the movable jaw portion it is relatively easy to clamp a lateral edge of 

the printed circuit board. Furthermore by lowering the movable jaw portion with respect to 
the fixed jaw portion, the printed circuit board* resting on the movable jaw portion is also 
lowered, whereby the lateral edges of the printed circuit board can easily be put on die 
supporting means connected to the frame. 



" i33 ^ CIP *" 48 2743489 ' ^^iSfll .7o-oT 9 14 = 34 = =7 

PHNL02H71BPP 9 W 

S ■ 13.11-2002 
Another embodiment of t h e c omp onent placement machine according to flic 
invention is characterized in that the fixed jaw portion comprises a number of clamping 
elements which extend in an X-directton one behind the other. 

The use of damping elements with dimensions smaller than a dimension of 
5 each of the printed circuit boards will achieve that each of the printed circuit boards will 
always be clamped in by at least two clamping elements. If the clamping element is spring 
loaded and comprises for example a leaf spring, differences in thickness of the printed circuit 
boards will easily be taken into account 

Another preferred embodiment of the component placement machine 
10 according to the invention is characterized in that the transport device comprises a bed of 
supporting pins, movable simultaneously with the movable jaw portion. 

The supporting pins support the printed circuit board during transport and are 
located against the lower surface of the printed circuit board on locations where no 
components are present. Furthermore the support pins prevent deflection of the printed circuit 
15 board. 

By simultaneously moving the movable j aw portion as well as the supporting 
pins, a good support for the printed circuit board is obtained both during the transport of the 
printed circuit board in the positive X-direction as well as during the lowering of the printed 
circuit board and placing it on the supporting means connected to the frame. 
20 It is also an object of the invention to provide a method for transporting 

printed circuit boards whereby the transport beam can be returned to its initial position 
relatively quickly. 

This object is being achieved by the method according to the invention in that 
the movement of the transport beam in the negative X-direction as well as the Z-direction is 

25 

the transport beam has been displaced in the negative Z-direction over the predetermined 
dis tanc e, a time reduction is being obtained, The transport beam can be moved in the 
negative X-direction as soon as all the elements of the transport beam which might hit against 
3 0 components on the lower surfeoe of the printed circuit board are lowered enough to avoid 
collision. If use is being made of supporting pins> the supporting pins must be lower over 
safety distance which is larger than the height of the biggest component connected to the 
lower surface of the printed circuit board. This safety distance therefore depends on the 
specific printed circuit board which is provided with components in the component 
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placement machine. The safety distance is therefore preferably adjustable* In the same 
manner the transport beam can be moved in a positive Z-directfcm from the predetermined 
distance to the safety distance as soon as the transport beam is near its initial position. As 
soon as the transport beam is at its initial position in X-direction, the transport beam can be 
5 moved upwards and the supporting pins are brought against the lower surface of the printed 
circuit board* 



The invention will now be explained in more detail below with reference to 
10 die drawing, in which embodiments of die component placement machines according to the 
invention are shown by way of example. 

Fig. 1 shows a front view of a component placement machine according to the 

invention, 

Fig, 2 shows a schematic side view of the machine as shown in fig. 1, 
15 Fig. 3 shows a detailed part of the side view as shown in fig. % 

Fig, 4 shows several steps for transporting printed circuit board according to 

the invention, 

Fig. 5 shows a graph of the movement of the transport beam of the machine as 
shown in fig. 1. 

20 

Fig. 1 shows a component placement machine 1 according to the invention 
which is provided with a frame 2 in which a transport device 3 is accommodated. The 
component placement machine 1 is further provided with a number of component placement 

25 units 4. Such units 4 are known for example from the above mentioned US-patent US-A- 

5.680.699. Printed circuit boards 5 can be transported through the machine 1 by the transport 
device 3. The transport device 3 can be indexed over a certain distance in a positive X- 
direction by driven means (not shown), whereupon the transport device 3 can be moved back 
into its initial or starting position in the negative X-direction after said distance has been 

30 covered. The printed circuit boards, transported by means of the transport device 3 are 
provided wifil components by the units 4. 

Fig. 2 and 3 show a side view of the component placement machine 1 and 
especially the transport device 3. The transport device 3 comprises a transport beam 6 which 
comprises two plates 7, 8 extending parallel to each other. The plate 7 is movable with 
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respect to plate 8 in and opposite to the Z-direction. The plate 7 carries a plate 9 on which 
supporting pins 1 0 are mounted On one lateral side me plate 7 is provided with a metal sheet 
11 extendi^ perpendicular to the plate 7, An edge 12 of the metal sheet 1 1 lira on the same 
hrigit as the ends of the supporting pins 10. The plate 8 of the transport beam 6 is provided 
5 on a lateral edge with a plate 1 3 extending parallel to the metal plate 11. The plate 1 3 is 
slidable mounted with respect to a guiding strip 14, connected to the frame 2, As can be seen 
in fig. 3 the plate 13 is thereto provided with a set of wheels 15 forming guid^ 
respect to the guiding strip 14. By means of slidable mounted plate 13, the guiding strip 14 
will be positioned in Y- and Z-direction. By means of slidably mounted plate 13 the whole 
10 transport beam 6 can be moved in and opposite to the X-direction. 

The plate 13 is provided on a side remote from the plate 8 with apart 15 
extending parallel to the plate 8 and above the edge 12 of the plate 1 1- The part 15 forms a 
first jaw portion cooperating with the edge 12 forming a second jaw portion of clamping 
means. Between said jaw portions 12, 15 the printed circuit hoard 5 can be damped. The part 
15 15 is, as can be seen in fig. 3 and 4* provided with a number of clamping elements 16 which 
extend in an X-direction one behind the other and are connected by means of leaf springs 17 
to the part 15. 

On a lateral side remote from the knife shap ed thin plate 11, are! atively thin 
plate 25 is mounted on the plate 9 which plate 25 extends to the same height as the ends of 

20 the supporting pins 1 0. The plate 25 supports a components free lateral zone of for example 3 
mm of the printed circuit board 5. 

The guiding strip 14 is on a side directed to file part 1 5 provided with a ridge 
18 fo rmin g part of supporting means for the printed circuit board 5. The supporting means for 
tiie printed circuit board 5 comprises furthermore an element 19 which is movable in and 

25 opposite to the Y-direction to be able to support printed circuit boards 5 with different width. 
The element 19 is provided with aridge 20 lying on the same height as the ridge 18. 

The element 19 is furthermore provided with a spring loaded element 26 
which presses the printed circuit board 5 against the plate 25. During transport the printed 
circuit boards 5 slide along the spring loaded element 26. 

30 The operation of the machine will now be explained with reference to fig, 4 in 

which several steps I-VT are shown for transporting a printed circuit board 5. la step I three 
printed circuit boards 5 are located in the machine 1 and are resting with fliedr lateral edges 
on the ridges 1 8, 20 of the supporting means. The plate 7 of the transport beam 6 as well as 
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6 13.112002 
the plate 11 connected thereto is located in a relatively low position whereby the edge 12 is 
located under the level of the ridges 18,20. 

In stop IX the plate 7 ofthe transport beam 6 together with the plate 11 and the 
supporting pins 10 has been moved in the positive Z-direction whereby lateral edges 21 (see 
fig. 3) oftwo boards 5 are clamped in between the edge 12 of the plate 11 and the clamping 
elements 16. 

The lateral edges of the printed circuit board necessary for being supported 
andbeing clamped in need to be free from components. This component-free lateral zone is 
for example 3 mm. 

As can be seen in fig. 4, each printed circuit board 5 is clamped in by several 
clamping elements 16, the length of whichbeing smaller than the longitudinal dimension of 
the printed circuit board. It is achieved thereby that each of the printed circuit boards will be 
satisfectorily be damped in by at least one clamping element in spite of possible thickness 
differences among the printed circuit boards. As can be farther seen, in step n the printed 
circuit board 5 on the right side is being removed from the machine 1, for example by means 
of an endless belt 22 as shown in fig. 1 . 

in step HI the transport beam 6 together with the clamped in circuit boards 5 Is 
transported in X-direction. The transport in X-direction can be stepwise so that each printed 
circuit board 5 will stop under each component placement unit 4 to provide it with 
components. Before a component is placed on the printed circuit board 5, the exact position 
of the board 5 with respect to the component placement unit 4 can be determined by means of 

a c amera mounted on the unit 4. 

m step IV the transport beam 6 has reached a position in which a printed 
circuit board 5 is located near the end of the transport device 3. Anew printed circuit board 5 
can now be brought in by means of, for example an endless belt 23 (see fig. 1). 

The transport beam 6 is provided near the left side with a stopper 27 to which 
me new printed circuit board 5 transported by the endless belt 23 will abut As soon as the 
new board 5 is near the stopper 27, an optical sensor 28 will detect it and send a signal to the 
driven means of the endless belt 23 to reduce its speed so thai me board 5 will slowly abut 
against the stopper 27. The stopper can be displaced from the left side to the right side in case 
mat the machine 1 will be driven in the opposite direction. On the right side 29 an optical 
sensor 29 is also mounted on the transport beam 6. By means of said optical sensor 29 it is 
possible to detect a printed circuit board 5 on the right side of the transport beam 6. If said 
printed circuit board 5 has not yet been removed and is detected by the optical sensor 29 an 
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upward movement of the transport beam 6 can be stopped to prevent damage to the machine 
and/or the printed circuit board. 

As shown in step V the plate 7 together with the plate 11 and the transport pins 
1 0 is moved in negative Z-direction whereby the printed circuit boards S win also move 
5 downwards until the lateral edges of the printed circuit board 5 abut due ridges 18, 20 of the 
supporting means and will rest thereon. Now the transport beam 6 can be moved in negative 
X-direction until it has reached the initial position as shown in step L The cycle of 
transporting printed circuit boards 5 can now be started again. 

In fig. 5 a graph is shown in which the movement of the transport beam 6 and 
10 especially the plate 7 and the metal plate 11 connected thereto is shown. First, the transport 
beam 6 is indexed in several steps S1.S2 and S3 to transport the printed circuit boards 5. 
Then the plate 1 1 is moved in negative Z-direction to a safety distance at level Zsafe on 
which level the supporting pins 10 are located below all components 24 connected to the 
lower surface of the printed circuit board 5, As soon as the plate 1 1 and the supporting pins 
15 10 has reached the level Zsafe, the transport beam <5 start moving in negative X-direction 
whilst the plate 1 1 continues moving in negative Z-direction until it has reached the level 
Zmin. Due to this combined movement, the time necessary for the movement of the transport 
beam 6 back to the initial position is reduced. As soon as the transport beam 6 reaches it 
initial position, the plate 7 and die plate 1 1 are being moved upwards to the level Zsafe, 
20 When die transport beam 6 has reached its initial position, the plate 1 1 is moved beyond the 
Zsafe level to the initial ZO-level on which the printed circuit board 5 is supported by the 
transport pins 10 and clamped in between the edge 12 of the plate 1 1 and the spring loaded 
clamping elements 16. Also due to the combined movement in negative X- and positive In- 
direction near the initial position of the transport beam 6 a reduction of the time necessary for 
25 the return movement of the transport beam 6 has been achieved. 

The positive X-direction can be directed to the right side of the machine 1 as 
well as to the left side. 

The predetermined position to which the transport beam 6 is indexed is 
programmable. Also the steps Si* 82 etc. are programmable. 
30 It is also possible to clamp in the printed circuit boards 5 on both lateral edges 
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1. A component placement rnachine with a frame and with a transport device for 

transporting printed circuit boards in an X-direction, winch transport device comprises at 
least one transport beam extending in me X-direction, which beam can be driven in the X- 
direction in a reciprocating movement, characterized in that the transport device is provided 
with clamping means connected to the transport beam for clamping in at least one lateral 
edge extending in the X-direction of the printed circuit boards to be transported, and in that 
the device is farther provided with supporting means connected to the frame for supporting 
two lateral edges on both sides of tfceprinted circuit boards, which clamping means canbe 
brought into an active clamping position such that the clamping means are active during the 
movement of the transport beam in the positive X-direction and can be brought in a rest 
position during returning of the transport beam in the negative X-direction, in which rest 
position of the clamping means the printed circuit boards are being supported by the 
supporting means. 

J5 2 A component placement machine according to claim 1, characterized in that 

the clamping means comprise a feed jaw portion, which cooperates with annpper side of the 
printed circuit b^ani and a moveable jaw portion which is movable in a ^direction to the 
feed jaw portion to cooperate with a lower side of the printed circuit board and is movable 
away from the feed jaw portion to release the printed circuit board, 

20 

3 A component placement machine according to claim 2, characterized in that 

the feed jaw portion comprises a number of clamping elements which extend in an X- 
direction one behind the other. 

25 4. A component placement machine according to claim 3, characterized in that 

each clamping element comprises a leaf spring. 
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5 < A con^onent placement machine according to claims 2-4, characterized in 

that the transport device comprises a bed of supporting pins, movable simidtaneouslywith 
the movable jaw portion. 

5 6. A component placement machine according to one of the preceding claims, 

characterized in that the supporting means comprises two ridges extending in the X-direction. 

7. A component placement machine according to claim 6, characterized in that 
the distance between the ridges is adjustable, 

10 

8. Method for transporting printed circuit boards with respect to a frame by 
means of a transport beam in an X-direction whereby at least one printed circuit board is 
moved by means of the transport beam from an initial position in a positive X-direction to a 
predetermined position, after which the transport beam is lowered Tvith respect to the printed 

15 circuit board in a negative Z-direction over a predetermined distance, the transport beam is 
moved in the negative X-direction to the initial position and the transport beam is moved up 
again in the positive Z- direction over the predetermined distance, characterized in that the 
movement of the transport beam in the negative X-direction as well as the Z-direction is 
partly simultaneously. 

20 

9. Method according to claim 8, characterized in that the movement of the 
transport beam in the negative X-direction is started as soon as the transport beam has been 
moved in the negative Z-direction over a safety distance but before the transport beam has 
been moved in the negative Z-direction over the predetermined distance. 

25 

10. Method according to claim 8, characterized in that the movement of the 
transport beam in the positive Z-direction is started before the transport beam is at the initial 
position in X-direction but only after the transport beam has reached the initial X-position the 
transport beam will be moved from a safety distance to the initial position in Z-direction. 

30 

11. Method according to one of the preceding claims 9 or 10, characterized in that 
the safety distance is adjustable. 
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ABSTRACT: 



A component placement machine (1) with a Same (2) and with a transport 
device (3) for transporting printed circuit boards (5) in an X-direction as well as a method for 
transporting printed circuit boards (5), which transport device (3) comprises at least one 
transport beam (6) extending in the X-direction. The transport beam (6) can be driven in the 

5 X-dhection in a reciprocating movement, whereby the transport device (1) is provided with 
clamping means (12, 15, 16) connected to the transport beam (6) for clamping in one lateral 
edge (21) extending in the X-direction of me printed circuit boards (5) to be transported. The 
device is further provided with supporting means (18, 20) connected to the frame (2) for 
supporting two lateral edges on both sides of the printed circuit boards (5), which clamping 

10 means (18, 20) can be brought into an active clamping position such that the clamping means 
(18, 20) are active during the movement of the transport beam (6) in the positive X-directlon 
and' can be brought in a rest position during returning of the transport beam (6) in the 
negative X-direction, in which rest position of the clamping means (18, 20) the printed circuit 
boards (5) are being supported by the supporting means (18, 20). 



15 



Fig. 2 



7a.NOV.2002 14:37 P^S CIP ML + 31 40 2743489 «jjf ^11 . 2O0TI4 : 38 .-26 

PHMLH21171 ™ ^/^J 




B-ja& jcii' Ea*a ciias awiJi fafi g g ■ 



TT7 



•-7 



— 




H^PE 

• 



13.NOV.2032 14:37 PHILIPS CIP NL +31 40 2743489 

PHNL021T71 




NR. 805 P. 19^19 
13.11.2002 14:38:48 




I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
□nBLACK borders 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




FADED TEXT OR DRAWING 



LURRED OR ILLEGIBLE TEXT OR DRAWING 



